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-I. ALLOY S T R E " I N G  BY FINE OXIDE PARTICLE DISPERSIONS 

A) 

Rela t ive ly  l a r g e  amouts of s t r i p  material, ranging i n  thickness from sevetal thousandths 

Modes of Deformation and Frac ture  i n  Oxide Dispersed Metal Systems 

of an inch t o  1/8 inch, have been produced from a group of d i l u t e  copper a l l o y s  containing 

alumi-um (up t o  3.5 percent).  

va r i ab le s  i n  internal oxidation. 

mechanical t e s t i n g ,  and X-ray and metallographic s tud ies .  

The very t h i n  shee ts  are being used t o  optimize t h e  processing 

The thicker s t r i p  w i l l  be used f o r  a l l o y  production, 

The temperature of 650°C appears t o  be optimum f o r  t h e  internal oxida t ion  process. 

?Ecrographic s t u d i e s  a t  500 and lOOOX show a r e l a t i v e l y  uniform g r a i n  s i z e  f o r  t hese  a l loys ,  

varying by less than a f a c t o r  of two from the  s t r i p  sur faces  t o  t h e  cen te r  of t h e  s t r i p .  

It w a s  fel t  t o  be extremely important t o  avoid g ra in  s i z e  v a r i a t i o n s  i n  order t o  avoid 

o r  decrease t h e  tendency f o r  prefer red  oxide formation on t h e  g ra in  boundarys. 

Electron microscopy s t u d i e s  have worked out w e l l .  By a two-stage carbon r e p l i c a t i o n  

technique t h e  r e s u l t a n t  i n t e r n a l l y  oxidized s t r u c t u r e s  are indica ted  t o  be of q u i t e  uniform 

p a r t i c l e  s i z e  and t h e  oxide d ispers ion  t o  be homogeneous. 

t h e  aluminum oxide p a r t i c l e s  t o  vary between 110 and 190 A 

spacings of t h e  order of 800 A. 

P a r t i c l e  s i z e  measurements show 
0 

i n  diameter, w i th  i n t e r p a r t i c l e  
0 

These values p lace  us almost exac t ly  where w e  had hoped t o  be 

Measurements of t h e  rate of oxide penet ra t ion  a t  these  lower temperatures are in good 

agreement wi th  t h e  earlier results of Rhines and co-workers, and of Preston and Grant. 

Oxidation times are found t o  be reasonable and p r a c t i c a l ;  pene t ra t ion  of oxide t o  a depth 

of .23 nun t akes  place i n  about 25 hours a t  65OOC. 

Experiments with thinning techniques f o r  transmission e l ec t ron  microscopy ind ica t e  t h e  

F i r s t ,  t h e  s t r i p  is  genera l ly  thinned by chemical etching need f o r  a three-step procedure. 

i n  d i l u t e  n i t r i c  ac id ;  t h i s  i s  followed by t h e  window technique t o  t h i n  down a l o c a l  s ec t ion ;  

and f i n a l l y ,  t h e  Bollman technique of p r e f e r e n t i a l  etching of t h e  center  of t h e  specimen is 

applied.  

Some of t h e  e a r l y  transmission microscopy work appears t o  be extremely promising. 

For t h i s  purpose, an apparatus has been b u i l t  which u t i l i z e s  t h e  Bollman technique. 

Mechanical property tests are continuing. Base line d a t a  are being obtained on t h e  

annealed and so lu t ion  t r e a t e d  a l l o y s ;  after internal oxidation but  i n  t h e  absence of cold 

work; and f i n a l l y ,  f o r  s m a l l  but increasing amounts of cold r o l l i n g  at room temperature 

a f t e r  i n t e r n a l  oxidation. 

on these  tests. 

The next r epor t  should be a b l e  t o  provide more extensive da t a  

Rec rys t a l l i za t ion  s tud ie s  of t h e  cold r o l l e d  t h i n  p l a t e s  are under way. It is  t h e  i n t e n t  

of t hese  r e c r y s t a l l i z a t i o n  s t u d i e s  t o  produce coarse grained s t r u c t u r e s  which w i l l  permit 

i n t e r n a l  oxidation of s e l ec t ed  o r  preferred areas: (a) of g ra ins  but  no t  of g ra in  boundaries 
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(b) -of g r a i n  boundaries but no t  of t h e  t o t a l  g r a i n  area; (c) 

p a r t i c l e  size ( f ine ) ,  and of gra in  boundaries t o  produce a second, coarser p a r t i c l e  s i ze .  

t h i s  way, hopefully,  t h e  contributions of g ra in  and g ra in  boundary regions can be compared. 

of g ra ins  t o  produce one 

I n  
v 

B) Oxide Dispersion Strengthened Iron - B e 0  Alloys 
The extended s t u d i e s  ca r r i ed  out  for over a year t o  e s t a b l i s h  t h e  combination of 

treatments and processes t o  produce the  best poss ib l e  d ispers ion  of B e 0  in an iron matrix 

are now complete. 

beryllium a l loy .  

namely : 

a )  

The bulk of t hese  tests w e r e  ca r r i ed  ou t  with an i r o n  - 1.3 weight percent 

Most of the work had f i n a l l y  been concentrated on two prefer red  processes, 

i n t e r n a l  oxidation of powders at  650, 850, and lOOO"C, using H20-H2 r a t i o s  of 

0.25 t o  0.45. 

Complete oxidation a t  t h e  same temperatures but with H 0-H b) r a t i o s  g rea t e r  than 2 2  
unity.  

hydrogen t o  reduce p r e f e r e n t i a l l y  t h e  i r o n  oxide t o  i ron ,  without a f f e c t i n g  t h e  BeO. 

The t o t a l l y  oxidized powders w e r e  then subjected t o  se lec ted  reduction in dry 

The Be0  w a s  ex t rac ted  from t h e  i r o n  matrix f o r  e l ec t ron  microscopy and X-ray d i f f r a c t i o n  

s tudies .  

1 5 Z  bromine i n  methanol. 

r e s u l t a n t  oxide p a r t i c l e s  appear to be considerably finer a f t e r  i n t e r n a l  ox ida t ion  as compared 

t o  t o t a l  oxidation p l u s  selective oxide reduction. 

been produced by internal oxidation at  650 and 890°C, but  more p rec i se  measurements w i l l  be 

made t o  optimize t h e  temperature. 

treatment. 

Ext rac t ion  was  by means of p r e f e r e n t i a l  d i s so lu t ion  of t h e  a l l o y  i n  a so lu t ion  of 

X-ray d i f f r a c t i o n  p a t t e r n s  showed only Be0 i n  t h e  residue. The 

Equally good r e s u l t s  appear t o  have 

The Be0 p a r t i c l e s  are much too coarse a f t e r  t h e  1000°C 

Electron microscopy s t u d i e s  were car r ied  out  a t  magnifications from 10,000 t o  

68,OOOX. 

shaped oxide p l a t e s .  

s i z e  being i n  the  range 0.10 t o  0.15 micron. Thicknesses of t h e  d i s c s  w e r e  of t h e  order  

of 200 t o  1500 i, most being i n  t h e  range 500 - 1000 i. These p a r t i c l e s  are t ransparent  

t o  t h e  e l e c t r o n  beam. A t  1000°C, t h e  long dimensions of t h e  p a r t i c l e s  w e r e  4 t o  5 times 

l a r g e r ;  however, t h e  thickness d id  not  increase appreciably a t  the  higher temperature. 

I n t e r n a l  oxidation a t  650 and 85OOC yielded irregular, but round cornered disc- 

The long dimensions varied between 0.03 and 0.3 micron, t h e  average 

Complete oxida t ion  of t h e  iron-beryllium powders appeared t o  r e s u l t  i n  some agglomeration 

of B e 0  p a r t i c l e s ,  leading t o  a considerably coarser  s t r u c t u r e  a f t e r  s e l e c t i v e  reduction. 

Metallographic s t u d i e s  ind ica t e  t h a t  i n t e r n a l  oxidation of t h e  -44 micron a l l o y  

powders w a s  e s s e n t i a l l y  complete a f t e r  about 24 hours a t  1000°C, and w a s  75 - 90 percent 

complete 3a t h e  same time a t  lower temperatures. 

a t  t h e  3 exposure temperatures t o  show penet ra t ion  rates of 10-9 cm2/second a t  1000°C, 

Calculation of t h e  oxidized zone penetrated 
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2 2 6 ~ 1 6 ' ~  an /second a t  850"C, and 2x 10-l' a /second a t  650°C. Based on these  r e s u l t s ,  

p l u s  preliminary checks with t h e  0.5 weight percent beryllium-iron a l l o y ,  t h e  prefer red  

processing f o r  production of bar stock w i l l  ca l l  f o r  internal oxidation a t  750-800°C 

f o r  about 40 - 48 hours, using H20:H r a t i o s  of 0.3 - 0.4. 
Chemical ana lys i s  and e l ec t ron  d i f f r a c t i o n  d a t a  i n d i c a t e  t h a t  a s i g n i f i c a n t  amount of 

2 

su r face  i r o n  oxide i s  formed on re-exposure of t h e  f i n e  powders t o  a i r  a f t e r  i n t e r n a l  

oxidation. This condition w i l l  have t o  be corrected by hydrogen reduction e i t h e r  during 

compaction, o r  during t h e  canning procedure p r i o r  t o  extrusion. 

FeO i n  these  a l l o y s  would l ead  t o  m s t a b i l i z a t i o n  of t h e  Be0  a t  t h e  higher test temperatures. 

The presence of excess 

Fina l  comminution of t h e  atomized iron-beryllii= z l l o y s  is  EPJ sell *iiider xzy. n e  
next three t o  four  months w i l l  see production of a l l o y s  by t h e  i n t e r n a l  oxidation processI 

wi th  considerable e f f o r t  spent on creep and stress rupture  t e s t ing .  

beryllium contahking a l l o y ,  tests wil l  also be made using t h e  SAP technique of producing 

a sur face  oxide of BeO, followed by reduction of any FeO, followed by canning and extrusion. 

This w i l l  produce an a l l o y  in which some beryllium w i l l  remain i n  t h e  i r o n  matrix, coupled 

with a f i n e  d ispers ion  of B e 0  p a r t i c l e s  i n  the  matrix. 

Using t h e  highest  

C) Oxide Dispersion Strengthened Copper - A1203 Alloys by t h e  SAP Technique 

Electron microscopy examination of material comminuted by a t t r i t i o n  f o r  6 hours i n  

ethanol showed t h a t  the f l a k e  thickness of t h e  r e s u l t a n t  product w a s  about 0.1 micron 

( t o t a l l y  transparent).  As a r e s u l t  of t h i s  accomplishment, a l l  t h e  remaining a l l o y s  have 

been comminuted t o  f i n e  f l a k e  product, with a long dimension of 3 t o  5 microns and a 

thickness dimension of about 0.1 micron. 

Approximately 5-pound l o t s  of t hese  u l t r a  f i n e  powders are now ava i l ab le ,  and w i l l  be 

processed i n  two d i f f e r e n t  ways: 

a) Reduction of any sur face  copper oxide. A l l  the  aluminum w i l l  not be oxidized by 

t h i s  technique and t h e  matrix w i l l  conta in  aluminum. 

b) I n t e r n a l  ox ida t ion  u t i l i z i n g  t h e  surface copper oxide as a source of oxygen. 

A l l  t h e  aluminum should be oxidized, leaving a matrix of pure copper. 

A large furnace has  been modified t o  handle these  powders according t o  t h e  two 

ind ica ted  procedures. 

Modifications have a l s o  been made i n  other equipment t o  p ro tec t  t h e  powders a f t e r  

reduction s o  t h a t  recontamination of t h e  powders by oxygen w i l l  be avoided. 

The s tud ie s  of comminution by a t t r i t i o n  have shown t h a t  t h e  optimum amount of material 

i n  t h e  one ga l lon  a t t r i t e r  m i l l  is two kilograms of -44 micron s t a r t i n g  a l loy .  

time of 6 hours appears t o  be s u f f i c i e n t  t o  achieve t h e  f l a k e  s i z e s  des i red .  Ethanol has 

proven t o  be t h e  b e s t  su r f ac t an t  o r  grinding a i d ;  t he  ethanol i s  r e a d i l y  removed from t h e  

f i n e  copper f l a k e s ,  leaving no residue. 

A grinding 
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The next th ree  to four months sho-dd see t h e  prodiiction of bar stozk aad t h e  iii,itia?. 

1 creep and stress rupture  t e s t i n g  of the  r e su l t an t  a l loys .  

i D) Chromium Oxide Control i n  Oxidation Resistant - Oxide Dispersion Strengthened Alloys 

There are two schools of thought regarding t h e  apparent lack  of s t a b i l i t y  i n  oxide 

d ispers ion  strengthened, oxidation r e s i s t a n t  a l loys ,  One school bel ieves  that the  re- 
1 

I 
I 

I 

f r a c t o r y  oxide (Tho2, BeO, Z r 0 2 ,  etc.)  i s  unstabi l ized by t h e  presence of copious amounts 

of chromium oxide. 

soc ia t ion ,  with subsequent r ep rec ip i t a t ion  on t h e  r e f r ac to ry  dispersed oxide, leading t o  

The high vapor pressure of chromium oxide leads  t o  its ready dis- 1 
I coarsening m d  weakeaiilg. me aeeczd sct.,ool suggests thzt chr!Z&!a itS&f, eve9 ZI! the 

absence of excess oxygen, may be capable of p a r t i a l l y  reducing r e f r ac to ry  oxides such a s  

BeO, Tho2, Al2O3,  and others.  

experimental evidence i s  needed t o  v e r i f y  or r e f u t e  these  arguments. 

Both arguments can be substant ia ted thermodynamically, bu t  

I n  preliminary s tud ie s  we  have made a l a r g e  number of d i f fus ion  couples between 

chromium and severa l  chromium a l loys ,  containing highly r eac t ive  s o l u t e  elements, and 

s o l i d  tho r i a ,  These d i f fus ion  couples were exposed f o r  100 hours a t  2000 and 2100°F. 

evidence of i n t e rac t ion  w a s  observed i n  these crude, preliminary s tudies .  

No 

I n  the  ateantime, minus 10 micron powders have been obtained of a l l o y s  of both a u s t e n i t i c  

and f e r r i t i c  s t a i n l e s s  steel compositions. Spec i f ica l ly ,  a l loys  310 and 316 have been 

obtained of t h e  a u s t e n i t i c  type, and type 440 has been obtained of t he  f e r r i t i c  grade. 

These 10 micron powders, of unusually high pu r i ty ,  have been blended with tho r i a ,  compacts 

w i l l  be made and s in t e red  t o  high dens i ty ,  using reducing atmospheres, and then sealed 

i n  m i l d  steel cans and extruded. 

a t  progressively higher temperatures above 1800°F to  determine the  amount of reac t ion  

taking place between chromium (or chromium oxide) and tho r i a ,  

These a l loys  w i l l  be exposed for long periods of time 

Supplementing t h e  above tests w i l l  be two small samples of t h o r i a  d i spers ion  strengthened 

type 316 s t a i n l e s s  steel which d i f f e r  s ign i f i can t ly  i n  t h e  amount of chromium oxide present.  

These samples are cu r ren t ly  being exposed f o r  several time periods a t  increasing temperatures 

above 1800°F t o  see t h e  r o l e  played by chromium oxide. 

E) In t e rna l  Oxidation of Di lu te  Nickel Base Alloys 

A t  t h i s  point i n  the  study, concentrating l a rge ly  on t h e  nickel-beryllium and nickel-  

aluminum a l loys ,  de t a i l ed  s tud ie s  of s t ruc tu re  are now almost complete. 

include determination of oxide p a r t i c l e  s i z e  as a funct ion of t he  i n t e r n a l  oxidat ion 

temperature, time a t  temperature, change i n  oxide p a r t i c l e  s i z e  as a funct ion of depth of 

penetrat ion of oxide, change i n  mcrphology of t h e  oxide with increasing depth of penetrat ion,  

These s tud ie s  
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-and e f f e c t  of s s i u t e  (aiminm) concentration. Electron microscopy s t i id lss ,  iiicliiding 

exmina t ion  of ext rac ted  oxides, have been u t i l i z e d .  In t h i s  way it  is  hoped not  only 

t o  optimize conditions of temperature, t h e  2nd s o l u t e  concentration, but a l s o  t o  determine 

maximum a l l o y  powder s i ze .  

~ 

~ 

I , There have been d i f f i c u l t i e s  in achieving high temperature s t r eng th  values i n  n i cke l  

(by any oxide d ispers ing  technique) comparable t o  those achieved with t h e  systems A I - A l  0 

and Cu-Al 0 

determine i f  t h e  p rope r t i e s  can be improved by improvements in t h e  s t r u c t u r e  of t h e  a l l o y  

(oxide p a r t i c l e  size and spacing, coupled with adequate cold work). 

nearing completion a t  t h i s  point.  

2 3  ~ 

l (on a homologous temperature scale). It is t h e  i n t e n t  of t h i s  study t o  
I 2 3  

The program is  
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A) Development of a Continuously Operating Atomization Unit 

To produce f i n e  netal powder i n  various p a r t i c l e  s i z e  ranges d i r e c t l y  from t h e  m e l t ,  

a continuous cyc le ,  shock wave  generator has been b u i l t  and i s  under test. 

p r inc ip l e  is  described below, 

The working 

A t h i n  d i s c  (8 inches diameter) i s  mounted on a high speed spindle.  On t h e  circuin- 

fe rence  of t h e  d i s c  are machined 60 slits which, when i n  t h e  r i g h t  pos i t ion ,  l e t  a i r  flow 

from a nozzle through t h e  wheel openings, 

t y . e  5fi order  to obtain ;;ltrzsocic flow of the gas j e t  rzct the outlet s ide .  

sonic j e t  is  "chopped" by t h e  r o t a t i n g  disc.  The speed of t h e  d i s c  can be var ied  from 

0 t o  25,000 rpm r e s u l t i n g  i n  a frequency spectrum of gas b u r s t s  from audib le  t o  u l t r a -  

sonic. 

energy shock waves. 

and d i s i n t e g r a t e  it i n t o  drople t s .  

p l a t e  ( s p l a t  cooling), o r  a f t e r  s o l i d i f i c a t i o n  i n  f l i g h t ,  o r  after quenching i n t o  a 

l i q u i d  medium ( w a t e r ,  o i l ,  etc.). 

The nozzle is of t h e  converging - diverging 

This u l t r a -  

When t h e  nozzles are posit ioned cor rec t ly ,  t h e  gas b u r s t s  take  t h e  form of high 

The shock waves impinge on a s m a l l  diameter stream of molten m e t a l  

The d rop le t s  can be co l lec ted  e i t h e r  on a quench 

Present ly  work is  in progress t o  balance t h e  components of t h e  equipment in order 

t o  increase i ts  e f f i c i ency  and t o  a sce r t a in  t h e  range of powder s i z e s  which can be 

produced. 

B) New I n e r t  G a s  Atmosphere Spla t  Unit f o r  Small Alloy Quant i t ies  

To handle t h e  many a l l o y  compositions t o  be prepared and t e s t ed ,  an  add i t iona l  

s p l a t  cooling u n i t  w a s  b u i l t .  I ts  design is based on t h e  o r i g i n a l  shock wave gun design 

by Duwez et  al; however, a =umber of modifications have been made. 

The new uni t  i s  capable of melting a l loys  up t o  about 125OOC i n  an i n e r t  gas atmos- 

phere i n  aluminum oxide o r  o the r  r e f r ac to ry  c ruc ib les .  

maintained 5n t h e  pa th  of t h e  atomized m e t a l  p a r t i c l e s  and over t h e  subs t r a t e .  

a l l o y s ,  such as Cu-Be, with up t o  31 atomic percent Be  have been splat-cooled without 

apparent oxidation. 

Further,  t h e  time between m e l t s  has been decreased; s p l a t s  can now be made i n  

A p ro tec t ive  atmosphere is  a l s o  

Reactive 

i n t e r v a l s  of two minutes, using an e f f i c i e n t  way of exchanging t h e  p l a s t i c  gas pressure 

diaphragm and electric valves. 

C) Alloy S tudies  

1. Decomposition of supersaturated Al-Si a l loys :  The s o l i d  s o l u b i l i t y  of S i  i n  A l  

can be increased from 1.6 atomic percent S i  (at t h e  e u t e c t i c  temperature) t o  about 11 

atomic percent S i  ( a t  room temperature) by employing t h e  s p l a t  cooling method of rapid 
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Qmxhed f o i l s  of AI-Si a l l o y s  containing 1, 4, o r  11 
0 

*quenching from t k e  l fqu id  state. 

a t F i c  percent S i  were produced and subsequently aged on t h e  e l ec t ron  microscope hot stage. 
Aging treatments w e r e  ca r r i ed  out i n  a temperature range from 70 - 450°C1 

of p a r t i c l e  s i z e  as a func t ion  of temperature and time have been made. 

Measurements 

Act iva t ion  energies f o r  t h e  p rec ip i t a t ion  process w e r e  ca lcu la ted  from t h e  measured 
i time when t h e  f i r s t  p r e c i p i t a t e s  appeared. 

creasing s i l i c o n  content;  they w i l l  be compared with those obtained previously from X-ray 
measurements of t h e  sme p r e c i p i t a t i o n  process. 

t h e r e  was  no prec ip i t a t e - f r ee  zone along the  g r a i n  boundaries. 

These a c t i v a t i o n  energies decrease with in- 
I 

Under t h e  present experimental conditions,  ~ 

2, j2-0~1, , a -B i ,  and ether b u r r  sgstsss: A concerted effort was i n i t i a t e d  t o  test I 

t h e i a e t a s t a b l e  s o l u b i l i t y  i n  Al f o r  a number of poss ib l e  strengthening addi t ions .  

W e r e  made i n  t h e  U-Cu, Al-Ni, A1-Mn, Al-Fe, Al-Co, A1-Pd, and AI-Ag systems; t h e  composition 

range w a s  t y p i c a l l y  from 1-10 atomic percent s o l u t e ,  except f o r  U-Ag, where an a l l o y  

with 37.5 atomic percent Ag w a s  t e s t ed .  

Alloys 

I n  a l l  inves t iga ted  systems, t he re  is a s i g n i f i c a n t  increase  of t h e  s o l u b i l i t y  in AI; 

thus, for A1-Cu t h e  s o l u b i l i t y  i s  r a i sed  from max. 2.5 atomic percent Cu a t  t h e  e u t e c t i c  

temperature t o  g r e a t e r  than 9 atomic percent. 

i n  A l  i s  less than 0.03 atomic percent a t  6OO0C, a t  equilibrium, metastable s o l i d  so lu t ions  

with 5 atomic Percent H i  =re prepared, an increase  by a f a c t o r  of 150X. 
s o l u b i l i t i e s  w e r e  a l s o  found i n  t h e  remaining systems. 

For A l - N i ,  where t h e  s o l i d  s o l u b i l i t y  of N i  

Strongly increased 

The next s t e p  i n  t h e  work w i l l  be  a determination of t h e  maximum s o l u b i l i t i e s  and 

la t t ice  Parameter changes, followed by a study of t h e  decomposition process i n  se lec ted  
systems. 

3. Copper-base a l l o y  systems: Cu-Si a l loys  i n  t h e  copper-rich sec t ion  of t h e  Cu-Si systen 
have been prepared and splat-quenched. 

i n  equilibrium, and a t  least 6 intermediate phases exist. 
a l l o y s  t h e  high-temperature phases are preserved throughout, giving t h e  following sequence 

of observed s t ruc tu res :  

This s ec t ion  of the  phase diagram i s  very complex 

It w a s  found t h a t  i n  splat-cooled 

a-Cu (f.c.c.) * K(h.c.p.) * 6 (b.c.c.), with increasing S i  content. 

The s o l i d  s o l u b i l i t y  of S i  i n  Cu w a s  not found t o  be s i g n i f i c a n t l y  enlarged; however, 

t h e  o ther  a l l o y  phases w e r e  s h i f t e d  from t h e i r  equilibrium compositions by several atomic 

percent. 

studied. 
The e f f e c t  of heat treatments on these  metastable s t r u c t u r e s  has not  ye t  been 

Cu-Be - In t h i s  t echn ica l ly  important diagram, the re  i s  a l a r g e  a-Cu' s o l i d  so lu t ion  
range with a s t rongly  re t rograde  solvus l i n e .  

decomposing eu tec to ida l ly  a t  605OC. 

This is followed by t h e  b.c.c. 6 phase, 
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. Five splat-cooled a l l o y s  between 2 and 6 weight percent B e  w e r e  inves t iga ted .  Con- 

s i s t e n t  wi th  t h e  f ind ings  f o r  Cu-Si, they show no d g d i f i c a n t  increase  i n  t h e  s o l u b i l i t y  

of B e  i n  a-Cu, #ut show a s h i f t  i n  t h e  homogeneity range of B towards higher Cu contents. 

The p r e c i s e  ex ten t  of t h i s  s h i f t  i s  still under inves t iga t ion .  

4 

Since t h i s  newly found extended 8 phase i s  metastable, i t  w i l l  be poss ib le  t o  decompose 

it  by s u i t a b l e  heat treatments i n t o  a-Cu and B '  (or  o ther  t r a n s i t i o n  phases); a strengthening 

e f f e c t  on t h e  Cu matrix analogous t o  t h a t  in customeary Cu-Be a l l o y s  can thus  be expected. 

I n t e r e s t i n g  observations have a l s o  been made on previously unobserved ordering i n  

t h e  splat-cooled B phase. 

D) Prepara t ion  of T e s t  Materials From Splat-Cooled Foils 
Preliminary consolidating tests w e r e  made on a e u t e c t i c  Pb-Sn a l loy .  F o i l s  of t h i s  

a l l o y  could be produced by splat-cooling with an e x i s t i n g  u n i t ,  and 5-10 grams of t h i s  

a l l o y  w e r e  prepared. 

fo rce  and f i n a l l y  extruded i n t o  a wire of .125 inch diameter. Tens i le  samples w e r e  cu t  

from t h i s  wire and mounted i n  a constant s t r a in - r a t e  machine. 

The material w a s  then compacted i n  a steel d i e  under 16,000 p s i  

The f i r s t  test made on this a l l o y  a f t e r  aging a t  room temperature f o r  four  weeks 

showed l o c a l  elongations of about 300 percent, approaching t h e  range of s u p e r p l a s t i c i t y  

observed f o r  t h i s  a l l o y  by Backofen, Avery, and o thers .  

sound specimens can be made from splat-cooled Pb-Sn a l loys .  

s o l i d a t e  copper a l l o y  s p l a t s  w i l l  be made shortly.  

It can thus be concluded t h a t  

Attempts t o  s i m i l a r l y  con- 


